Summary Caltha palustris L. (Ranunculaceae), popularly known as Kingcup or Marsh Marigold is a polymorphic species distributed in the cold temperate regions of western Himalayas. The species exhibits considerable amount of intraspecific morphological and chromosomal diversity involving polyploidy, aneuploidy and hybridization. Besides, some individuals also show the presence of Bchromosomes. Presently three populations from the cold desert region of Kullu and Lahaul-Spiti districts of Himachal Pradesh have been studied for detailed meiotic studies. These populations which uniformly show the presence of 16 bivalents at M-I are tetraploid on xϭ8. Presence of eight large sized and eight small sized bivalents at M-I, suggest these populations to be allotetraploid. Majority of the individuals in one of the populations show normal meiotic course and high pollen fertility. However, in the other two populations, the individuals show inter PMC transfer of chromatin material at various stages of meiosis and associated meiotic irregularities such as chromosome stickiness, pycnotic chromatin, late disjunction of bivalents, micronuclei and chromatin bridges at anaphases and telophases. Besides, the chromatin migration also results in the formation of aneuploid with 8, 11 and 13 bivalents and anucleated PMCs. Although the phenomenon of cytomixis does not affect apparent pollen fertility but it surely resulted into heterogenous sized pollen grains. Although the genetic constitution and fate of such apparently fertile heterogenous sized pollen grains is yet to be ascertained, but their possible role in the development of individuals with varied chromosome number could not be ruled out. The phenomenon of chromatin transfer in the species seems to be under direct genetic control as the individuals with and without cytomixis found to grow in the same environmental conditions.
ers (Hooker 1872) . Besides, the species also exhibits considerable chromosomal heterogeneity both at variety and subspecies level and an array of chromosome numbers between 2nϭ16 and 2nϭ88 are already known to exist on the basis of chromosome reports by workers from different parts of the world (see: Darlington and Wylie (1955) , Fedorov (1969) , Moore (1973 Moore ( , 1974 Moore ( , 1977 , Löve and Löve (1982) , Goldblatt (1984 Goldblatt ( -1985 , Goldblatt and Johnson (1986 -1987 , 1988 -1989 , 1990 -1991 , 1992 -1993 , 1994 -1995 , 1996 -1997 , Kumar and Subramanian (1986) and Index to Plant Chromosome Numbers web-3). From India, the species is worked out chromosomally from Kashmir Himalaya and is known to depict intraspecific tetraploid, 2nϭ32 (Malik and Mary 1970) and hexaploid, 2nϭ48 (Roy and Sharma 1971, Kurosawa 1971) cytotypes. Besides, existence of B-chromosomes has also been reported in one population by Malik and Mary (1970) . Keeping in view the wide array of morphogenetic diversity and lack of chromosomal information from the Western Himalayas, presently an effort has been made to study the species cytologically from the dry and cold regions of Lahaul-Spiti and Kullu districts of Himachal Pradesh.
Materials and methods
Materials for meiotic studies were collected from three populations from Kullu and LahaulSpiti districts of Himachal Pradesh in the months of May and June in the years 2006 and 2007 (Table 1) . Voucher specimens are deposited in the Herbarium, Department of Botany, Punjabi University, Patiala (PUN). The young floral buds of suitable sizes were fixed in Carnoy's fixative (6 Alcohol: 3 Chloroform: 1 Acetic acid v/v) for 24 h. They were transferred to 70% alcohol and stored at 4°C. Meiotic studies were carried out through standard squash technique in 1% acetocarmine. A number of freshly prepared and permanent slides were carefully examined from each population to determine the chromosome number at different stages and meiotic abnormalities. Pollen fertility was estimated using glyceroacetocarmine (1 : 1) mixture. Well filled pollen grains with stained nuclei were taken as apparently fertile while shrivelled and unstained pollen were counted as sterile. Pollen grain size was measured using Occulomicrometre. Photomicrographs of chromosome counts were made from freshly prepared as well as from the permanent slides using Leica Qwin Digital Imaging System. 
Results
All the populations during meiotic studies show the presence of eight large and eight small sized bivalents (Fig. 1) at metaphase (MI) and 16 : 16 chromosome distribution (Fig. 2) at anaphase (AI). But due to chromosome stickiness the chromosome are counted clearly in only few PMCs. The meiotic course is almost normal in the individuals from Chhatru population which resulted into cent percent pollen fertility except for few PMCs showing chromatin bridges at AI (Fig. 4) . The other two population shows inter PMC transfer of chromatin material resulting into various meiotic abnormalities and heterogenous sized pollen grains. The data on cytomixis, meiotic course, and pollen fertility and pollen size in each population is provided in the Table 2 .
Cytomixis in Pollen Mother Cells
The phenomenon of cytomixis involving inter PMCs migration of chromatin is existent in the populations from Marhi and Koksar. Migration of chromatin takes place through the formation of single or multiple chromatin strands (Fig. 5) . The inter PMCs transfer of chromatin is observed from early prophase (Fig. 8 ) to tetrad stage (Fig. 3) where individuals microspores are involved in the process. Transfer of chromatin occurred through narrow as well as through broad cytoplasmic channels. A series of progression in chromatin transfer is observed where some PMCs can be seen just showing the beginning of chromatin migration, in some chromatin can be seen moving through the cytoplasmic channels while some PMCs showing almost complete transfer of chromatin from donor to recipient (Fig. 6) . As a result of partial migration of chromatin, PMCs with 8, 11 and 13 bivalents (Figs. 11, 12, 13) are observed whereas complete transfer of chromatin resulted into anucleated PMCs (Fig. 6 ). Simultaneous transfer of chromatin from two different PMCs to a single PMC is also observed (Fig. 8) . In rare cases walls between the two pollen grains dissolved to form the larger sized pollen grains (Fig. 18) . Extra chromatin masses other than the normal complement which remains as separate unit, probably resulted due to cytomixis, are also noticed in some PMCs (Fig. 7) . PMCs with more than one nucleolus are also observed which might be the result of transfer of nucleolus along with the chromatin during cytomixis (Fig. 9) .
Meiotic abnormalities
The transfer of chromatin material during microsporogenesis in the species causes various meiotic abnormalities. Chromosome stickiness involving few bivalents or whole complement is one of the most frequent meiotic abnormality which is encountered in the individuals of two populations from early prophase to MI (Fig. 16) . The percentage of PMCs depicting chromosome stickiness in these individuals is very high (65.15-98.24%). Due to this stickiness, a chromatin clump is formed in most of the occasions. Other meiotic abnormalities noticed in the PMCs involve disintegration of chromatin material at early phase of meiosis-I resulting to the formation of pycnotic chromatin which scatters into the PMCs in the form of very minute to large chromatin masses (Fig.  19) , fragmentation of chromosomes at MI (Fig. 10) , late disjunction of bivalents at AI (Fig. 15) and bridges or 1-3 micronuclei at telophase-I/II (Figs. 17, 14) .
Pollen fertility and heterogenous sized pollen grains
Although the apparent pollen fertility is not seriously affected and is noticed to be very high (96-100%) in all the populations but chromatin transfer and associated meiotic abnormalities surely resulted into pollen grains of heterogenous sizes (Figs. 20, 21 ) at least in populations showing cytomixis. The relative frequency of different sized pollen grains is variable in the two populations (Table 2) . On the other hand pollen grains are of uniform size in individuals of Chhatru where the meiotic behaviour is normal and do not show any chromatin transfer.
Discussions
C. palustris which has been worked out quite extensively from different regions of the world like northern Russia (2nϭ16, 32, 60), northern Siberia (2nϭ16, 32, 60, 64), Caucasus (2nϭ16, 28), southern and western Chukotka (2nϭ32, 56, 60) Slovakia (2nϭ32), 44, 47, [55] [56] [57] [56] [57] [58] [59] 56ϩ6B, 57, 61, 64), British Isles (2nϭ32, 32ϩ3B, [42] [43] [44] [45] 52, 54, 55, 56, [56] [57] [58] [59] [60] [61] [62] [63] 56ϩ6B, 57, 58, 60, 64, 32ϫ56, 56ϫ64), Italy (2nϭ32, 48, 56, 60), Netherlands (2nϭ32, 44, 56) , Hungary (2nϭ32), Poland (2nϭ32), southwestern Finland (2nϭ32), Sweden (2nϭc.60), arctic-alpine Scandinavia (2nϭ56), Belarus (2nϭ32, 56), northwestern Alaska (2nϭ32, [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] 60), western North America (2nϭ32, 56, 58), northern and arctic Canada (2nϭ32, 48, 56, 58, 60), Japan (2nϭ32, 60, 68, 88) , Korea (2nϭ32) and Nepal (2nϭc.48 ) is found to show a great heterogeneity in chromosome numbers. The species in these regions seems to depict a reticulum of polyphyletic derivatives due to polyploidy, aneuploidy and hybridization. The Indian taxa worked out from Kashmir Himalayas show the presence of tetraploid 2nϭ32 (Malik and Mary 1970) and hexaploid 2nϭ48 (Roy and Sharma 1971, Kurosawa 1971) cytotypes. In one of the population, presence of up to 4-B chromosomes is reported by Malik and Mary (1970) .The chromosome report of 2nϭ40 by Mehra and Remanandan (1972) needs to be checked again as Kurosawa (1971) has reported earlier from for the same locality the existence of a hexaploid cytotype with 2nϭ48. The uniform count of nϭ16 in all the presently studied populations from the cold regions of western Himalayas indicate that the Indian taxa exist either at tetraploid or at hexaploid level. Further, the presence of 16 bivalents with eight large and eight small sized bivalents at MI uniformly in all the individuals suggests the species to be an allotetraploid.
Beside, some populations of C. palustris also depict the phenomenon of cytomixis and associated meiotic abnormalities. Transfer of chromatin which is either partial or complete in these individual results into development of aneuploids, polyploids or anucleated PMCs. Such PMCs result in the formation of pollen grains of variable sizes. Although the genetic constitution and fate of such apparently fertile heterogenous sized pollen grains is yet to be ascertained, but their possible role in the development of individuals with varied chromosome number could not be ruled out. The heterogeneity of chromosome number in the species could also be attributed to the presence of variable number of B-chromosomes (Reese 1954 , Kootin-Sanwu and Woodell 1969 , 1970 , Malik and Mary 1970 , Chrtková and Jarolímová 1999 or fragmentations of chromosomes noticed presently. The phenomenon of chromatin transfer in C. palustris, however, seems to be under the direct genetic control as individuals with and without cytomixis found to grow in the same environmental conditions, as has been suggested by other workers (Omara 1976 , De and Sharma 1983 , Singhal and Gill 1985 , Ghanima and Talaat 2003 , Haroun et al. 2004 , Lattoo et al. 2006 , Singhal et al. 2007 ).
